ABSTRACT
INTRODUCTION
Marine Protected Area (MPA) is a commonly used tool for marine biodiversity protection (marine species, habitats and ecological processes) that represents an important approach to integrated management of marine resources that fully respects the fragile stability of some ecosystems (1) (2) (3) (4) The term MPA covers a wide range of different approaches for the management of coastal and marine areas. IUCN defines a protected area as "An area of land and/or sea especially dedicated to the protection of biological diversity, and of natural and associated cultural resources, and managed through legal or other effective means" (5); it is "Any area of intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and cultural features, which has been reserved by law or other effective means to protect part or all of the enclosed environment" (6) . The goal of Marine Protected Areas (MPAs) is to protect the biodiversity and productivity of a fragile environment, to restore and maintain ecosystem health. By protecting habitats, MPAs safeguard the vital life-support processes of the sea, including photosynthesis, maintenance of food chains, movement of nutrients, degradation of pollutants and conservation of biological diversity and productivity. The protection of marine habitats in their natural state provides an essential foundation for sustainable tourism, benefits to local communities and maintenance of natural water variables (7-10). Different benefits derive from MPAs, such as: conservation of biodiversity, especially critical habitats of threatened species; increased productivity of fisheries providing a buffer against recruitment failure, increase in densities and average sizes of individuals and the provision of centres for dispersal of propagules and adults (spillover); contain more natural species composition, age structure, spawning potential and genetic variability; refuge for intensely exploited species; protection of genetic diversity and protection of cultural diversity (6) In the Mediterranean Sea there has been a rush in recent years to establish MPAs and reserves (7) and 677 MPAs have been identified (9) . The zonation of all Mediterranean MPAs consists of two or three levels, with the distinction of a notake area (also called no-entry), where all human activities are generally prohibited, except for the mandatory interventions of managers and scientific research. The size of this protection zone is always relatively small (65-100 ha, comprising around 7-10% of the total reserve area). This zone is surrounded by a buffer area, where some activities are forbidden (e.g. spearfishing, scuba diving, amateur line fishing), or exposed to limitations and surveillance. Small-scale professional fishing is usually allowed in buffer zones, although restricted by bounds defined by MPA institutions. In some MPAs there is also a third peripheral zone (e.g. Ustica and Tabarca) with a less restricted regulation of activities (11) . In Italy there are currently 29 MPAs formally founded, ranging in size from 120 to more than 50,000 hectares in total surface area. Italian MPAs are multiple-use protected areas conventionally implemented according to different protection levels (12) and include one or more no-take/noentry zones (hereafter formally defined as 'A zones' according to Italian law), surrounded by buffer zones (defined as 'B and C zones', where restrictions to human uses, including fishing, become progressively more lax) (13) . MPAs have very important roles in environmental preservation. The characteristics of a water body depend on various factors. Human activities could lead to many changes in water composition, in term of input of some compounds, representing a risk of environment "pollution". Excessive nutrient discharges can lead to accelerated eutrophication of coastal environments and adverse symptoms of over enrichment (14) . On the other hand, chemical contaminants from urban and industrial activities can be potentially toxic for organisms living both within the sediments and the water column (15). Aquatic ecosystems are increasingly stressed not only by increased nutrient loads (eutrophication) but also by changing proportions of nutrients (16). Other stressors can be identified in changes of salinity, pH and dissolved oxygen. These variables are easily influenced by the human intervention with different activities. To preserve the aquatic environment, the natural balances of water variables should be maintained (17). An integral protection zone (no-take area) could avoid these processes. For this reason, the present research has been conducted to evaluate the seasonal fluctuations of the main water variables, also related to human influence, in the no-take area of Ustica MPA. This paper represents the first attempt to establish well organized protocols of water characteristics evaluations, following the directives of the Afrodite project (18) and reports the seasonal fluctuations of water variables, creating a starting point that might be proposed as guidelines for future research in the same or similar areas. The no-take area covers about 60 ha from Punta Spalmatore to Punta Megna (around 1.5 km of coast). The protection level of this zone allows for complete recovery of fish stocks and marine ecosystems, away from human impact. No human activity is allowed in this zone, including fishing, diving and boating, with the exception of swimming from the shore. A middle buffer area (B zone) extends around the latter, covering about 8000 ha in the northern part of the island from Punta Cavazzi to Punta Omo Morto. In this area, the MPA management authority regulates different activities, including fishing, boating and diving; a peripheral buffer area (C zone) is located on the southern coast of the Island and covers about 8000 ha. In this zone, many activities are allowed, including professional and recreational fishing under the management of the MPA authority (19) (20) (21) .
MATERIAL AND METHODS

Study area
Sampling design
This study was carried out seasonally during 2002, by sampling water from two different stations, St.1 and St. 2 at various depths, in the A zone of the marine reserve of Ustica Island (Fig. 1) . 
Analytical methods
The water quality is dependent on geological, biological and climatological conditions. These conditions control composition, ion balances and biological cycles of the water body. Knowledge of the background quality is necessary to assess the suitability of water for use and to detect future human impacts. Determining the hydrological regime of a water body is an important aspect of a water quality assessment (17) Temperature, Salinity, pH and Dissolved Oxygen, were measured along the water column, using a multi-parametric probe IM201 (Idromar s.r.l., Milano, Italy). The Winkler method was used for the determination of DO in order to calibrate the oxygen sensor (22) . Water samples were collected to analyse salt nutrients, total suspended matter (TSM) and colimetric indices, using a Niskin bottle. For dissolved and total nutrients and TSM determinations, the water samples were filtered onto pre-washed, pre-combusted (450°C, 4h) and pre-weighed 47 mm Whatman GF/F filters (0.45μm nominal pore size). Filters were analysed by gravimetric method so to establish the total TSM (mgL 5 and m =12/10 = 1.2, are scale coefficients, introduced to fix the lower limit value of the Index and the extension of the related Trophic Scale, from 0 to 10 TRIX units (23) . Statistical analyses were carried out to determine the various degrees of correlations between different parameters, sampling points and seasons. Box and whiskers diagrams were utilized to evaluate significant differences among seasons for all salt nutrients. The statistical Spearman correlation coefficient, or rho, was used to evaluate the degree of relationship between all the analysed variables, as a measure of the strength of correlation. Spearman's rho is a non-parametric test used to measure the strength of association between two variables, where the value r = 1 means a perfect positive correlation and the value r = −1 means a perfect negative correlation.
RESULTS AND DISCUSSIONS
Seasonal mean values and standard deviations of all water characteristics, in the two stations, are reported in tables 1 (A-B). Spearman rank order correlations among all analysed parameters are reported in table 2. Vertical profiles of temperature (T), salinity (S), pH and dissolved oxygen (DO) in the different seasons and stations are reported as graphs ( Fig. 2  and 3 ), considering the variations among the different depths. All over the sampling period, results show similar trends between the two stations for these parameters. The evaluation of these characteristics leads to different observations and the particular pattern could be explained as follow. The temperature of surface waters is influenced by latitude, altitude, season, time of day, air circulation, cloud cover, flow and depth of the water body. In turn, temperature affects physical, chemical and biological processes in water bodies and, therefore, the concentration of many variables. The temperature profiles ( Fig. 2A) , do not show, during summer, a well established thermocline. The temperature fluctuates between 15.0 and 28.5 °C. The same particular tendency is noticeable in the salinity trend (Fig. 2B) , except during the winter season. All over the year, the salinity range was between 37.1 and 38.0 PSU. The reason of this particular pattern of T and S values could be related to the general characteristics of Ustica Island, due to its geographical position. In fact, it is located on the pathway of a minor branch of the Atlantic Water in the centre of Mediterranean circulation, and the variability of its hydrologic parameters is sensitive to the transit of eddies along the edge of the Atlantic current along the northern coast of Sicily (21, 25, 26) . Spearman rank order (Tab. 2) shows significant positive correlations (P<0.001) between T, S and DO, while negative ones with pH (P<0.05). T seems to influences negatively the Chl-a (P<0.001) however, it is positively related only with ammonia (P<0.05). Salinity has a significant positive correlation (P<0.001) with pH and ammonia and a negative one with silicate.
The pH is an important variable in water quality assessment as it influences many biological and chemical processes within a water body and all processes associated with water supply and treatment. The pH of most natural waters is between 6.0 and 8.5, although lower values can occur in dilute waters high in organic content, and higher values in eutrophic waters. Variations in pH can be caused by the photosynthesis and respiration cycles of algae in eutrophic waters (17). pH (Fig. 3B) shows typical seasonal trend, ranging from 8.17 in summer to 8.57 in autumn. Minor fluctuations of the pH values, also during the touristic periods, highlight the stability of the water body. It is negatively related to DO (P<0.001), to nitrite (P<0.05) and to phosphate (P<0.01). Determination of DO is fundamental in water quality assessment. Oxygen is involved in, or influences, chemical and biological processes. Variations in DO can occur seasonally, in relation to temperature and biological activity (photosynthesis and respiration). DO profiles (Fig.  3A) show a typical seasonal pattern, with values close to saturation in winter and autumn (97-98%) and super saturation in spring (127%) and summer (123%), showing homogeneity of values along the water column (27). Oxygen super saturation (values > 120%), can indicate elevated phytoplankton photosynthesis and this is confirmed by the abundant presence of PK (data not showed) observed during this seasons (28, 29) . DO shows a significant negative correlation with pH (P<0.001), that should be in part confirmed by Frieder et al (2012) (30) , in case of high values of DO, and also with Chl-a (P<0.001), as also reported by Kunlasak et al (2013) (31) . Concentrations of salt nutrients and Chl-a are summarized in Tables 1A and B and reported as graph in Figure 4 , with median, 25% and 75% percentile, maximum and minimum highlighted. The concentrations of inorganic nutrients and chlorophyll-a show different trends related to different seasons. The nutritive salts are all positively correlated with each other (P<0.01), except the ammonia, which does not show correlations with any salts, except a low negative correlation with the silicates (P<0.05). Ammonia reaches its maximum values in summer and autumn, ranging from 3.30 to 4.80 µM. The lowest concentrations are in winter with a minimum of 0.69 µM (Fig. 4A ). Nitrite and nitrate ( Fig. 4B and  4C) show similar seasonal trends, with higher values in winter (NO 2 : 0.31 µM; NO 3 : 6.57µM, with an outlier value of 4.56µM in summer). Phosphates (Fig. 4D) have low values during all the year, with slightly higher values during winter (median of 0.4 µM, with an outlier value of 0.47 µM). Silicates are the nutritive salts that show very high values, with a wide range (2.13-30.34µM), and reach the maximum value in winter, with a median of 15.92 µM. There is an outlier value of 18.23 in autumn (Fig. 4E) . Although the salt nutrients are connected to each other, particular attention should be given to the significantly positive correlation between the silicate and chlorophyll (P<0.01). This correlation is due to the massive presence of diatoms in winter (data not published) causing an increase in the value of silicate during the same season (32) . Chlorophyll-a (F) in the examined area, during the different seasons.
Chl-a was significantly related to ammonium (P<0.01), and the parameter estimated was negative, indicating a relationship of higher biomass and lower NH 4 + concentrations; there is a positive correlation with nitrite (P<0.05), phosphate (P<0.01) and silicate (P<0.01). Similar values of rho were found in others studies on coastal waters (33, 34) . Chl-a reaches its highest values during winter (maximum of 4.81 µg/l, median of 2.71 µg/l) whereas the lowest concentration occurs in autumn (0.22 µg/l) with a median of 0.35 µg/l (Fig. 4F) . The results of the analysis on the microbiological indices in the two examined stations indicate that there is no influence due to a population increase in the summer, on the quality of water; in fact, none of indices exceed the limit for bathing in Italy (100 FCU/100ml) even though the highest values are far from reaching the limits. The maximum of FC is of 28 CFU/100ml during autumn, compared to that of 24 CFU/100ml of TC during the summer. TRIX (Trophical index for marine ecosystems) was used to assign an immediate measurement to the trophic level of coastal waters. It is a tool adopted by Italian legislation in the frame of the monitoring activities requested to assess quality of Italian coastal marine environment (L.D. 152/99 -Annex 1, Tab. 3). It is defined by a linear combination of the logarithms of four state variables: chlorophyll-a (ChA), Oxygen as absolute percent deviation from saturation (aD%O), mineral nitrogen (minN) and total phosphorus (TP). 4) showed that the trophic status of this reserve can be considered moderately productive waters with good transparency and average trophic level in winter, spring and summer, having a "Good" value; whereas in autumn the conditions are of poorly productive waters and low trophic level, reporting "High" results. 
CONCLUSIONS
The MPA of Ustica is an area of relevant environmental and ecological value and is a good example of Marine Protected Area that is not excessively affected by human presence, even during the tourist seasons. This is possible thanks to many factors, such as its geographic position, that allow good water circulation, high stability of no-take area ecosystem and restriction imposed by the MPA management authority. The results on the characteristics of water column of no-take zone of the Ustica MPA presented in this study show an excellent chemical and physical quality of water; whit regard to the microbiological indices, the data collected highlight low levels of contamination, that confirm that Ustica integral reserve water is a good example of environmental preservation. TRIX index, used to characterizing succinctly the trophic levels of the coastal marine area, shows that Ustica MPA has moderately productive waters with good transparency and average trophic level, highlighting even in autumn, similar characteristics to the open sea. Our research can be considered as a sort of integration of the knowledge of this MPA; in fact, several studies and observation have been conducted on flora, fauna and other topics, principally on the coastal fish and molluscan assemblage (37) (38) (39) (40) (41) (42) , but no data have been published on water variables. Water column analyses represent an essential topic in the evaluation of all water environments. This study reports for the first time important data on the water column characteristics of Ustica MPA and could represent a reference document for further environmental monitoring in this or similar areas.
